Butirosin is an aminoglycosidic antibiotic complex obtained from culture filtrates of Bacillus circulans and has a marked activity against gram-positive and -negative bacteria as well as a low toxicity in mammals.1~7) Recently, CULBERTSON et al. 8) reported that butirosin A* (1) was chemically converted into 5"-amino-5"-deoxybutirosin A (2) which exhibited an enhanced activity especially against Pseudomonas species including gentamicin-resistant strains in vitro and in vivo. Meanwhile, susceptibility tests to butirosin and its analog (2) with various clinical isolates have revealed that there already exist a few highly resistant strains among various genera such as Escherichia, Proteus, Pseudomonas and Staphylococcus. Biochemical studies on the mechanisms of resistance with these bacteria have shown that many species effect inactivation through a phosphorylation mechanism at 3'-position.9~12) In addition, we previously reported13) that 3',4'-dideoxybutirosin A (3) was prepared and showed significant activities against both sensitive and resistant strains in vitro and in vivo, indicating that removal of the 3'-and 4'-hydroxy groups confers a capability of overcoming butirosin resistant microorganisms of the 3'-O-phosphorylation type on the butirosin molecule. As a sequel to the preceding paper,13) this paper deals with synthesis of 5"-amino-3',4',5"-trideoxybutirosin A (4), a 3',4'-dideoxy analog of 2, and its biological properties.
A synthetic intermediate for 3',4'-dideoxybutirosin
A (3), 6,2",2"'-tri-O-acetyl-tetra-N-
, was used as the starting material for the preparation of 4. Removal of the 3",5"-cyclohexylidene group in 5 was effected by treatment with aqueous acetic acid to give a 3",5"-diol (6) which yielded a 5"-p-toluenesulfonate (7) in good yield on selective tosylation in pyridine. The sulfonate (7) was converted into an azide (8) with sodium azide in dimethyl sulfoxide. TIPSON-COHEN reaction of the 3',4'-di-O-mesyl-5"-azide (8) thus obtained was carried out by treatment with zinc and sodium iodide in N,N-dimethylformamide; however, partial reduction of the 5"-azido group to the amino group was observed and rendered the isolation of the desired product * The numbering of the carbons is shown in the chart.
difficult. Subsequently, the azide (8) was treated with an excess amount of sodium iodide in the absence of zinc at a higher temperature.
The reaction mixture immediately became fairly colored and darkened; but the desired 3'-eno-5"-azido derivative (9) was obtained in a moderate yield without notable reduction of the azido group. The 3'-eno compound (9) was de-O-acetylated in methanol with a small amount of sodium methoxide and purified by column chromatography, giving a deacetylated (5) was effected with zinc and sodium iodide as described in our preceding paper.") During this reaction, some of the 0,N-protected groups were partially removed; accordingly, the reaction product was once again N-benzyloxycarbonylated and successively acetylated and purified by column chromatography over silica gel, giving the 3'-eno derivative (11) . Treatment of 11 with methanol containing a small amount of p-toluenesulfonic acid gave a de-O-cyclohexylidene compound (12) which without purification was converted into its 5" p-toluenesulfonate (13) . Analogously, treatment of 13 with sodium azide, followed by deacetylation of the resulting azide (14) gave the intermediate (10) . As illustrated in Tables 1 and 2 , 5"-amino-3',4',5"-trideoxybutirosin A (4) showed out- To a solution of 1 g of 6 in 4 ml of pyridine, 0.5 g of p-toluenesulfonyl chloride was added with stirring and cooling at 0~5°C.
The mixture was stirred at 20~25°C for 2 hours and then poured into ice-water. Working up in the usual manner by means of chloroform as solvent for extraction gave a crude powder of 7 (1.1 g). The powder was chromatographed on silica gel column (silica gel 20g) using chloroform as eluant and gave 144 mg of a 3", A mixture of 5.75 g of 7, 500 mg of sodium azide, and 20 ml of dimethyl sulfoxide was heated at 100°C (bath temp.) with stirring in an atmosphere of nitrogen for 2 hours and diluted with ice-water. The resultant precipitates were collected, washed with water and dried. Reprecipitation from ethyl acetate-hexane gave a crude powder of 8 (5.0g). The mixture was heated at 100°C (bath temp.) with vigorous stirring for 1.5 hours, diluted with 400 ml of chloroform and 100 ml of water and then filtered.
The filtrate was shaken with saturated aqueous NaCl solution.
The organic layer was collected, washed with 10 % aqueous Na2S2O3 solution and successively with saturated NaCl solution, dried with MgSO4 and evaporated to give about 4.0 g of a syrup.
To a stirred solution of the syrup and 1 ml of benzyloxycarbonyl chloride in 40 ml of methanol, saturated aqueous NaHCO3 solution was slowly added at room temperature until the solution became alkaline (pH 7~8). The reaction mixture was diluted with water and extracted with chloroform. The extract was dried, evaporated, and gave a syrup which was acetylated with a mixture of 8 ml of acetic anhydride and 30 ml of pyridine at room temperature for 30 minutes. The product (4.2 g) obtained by the usual manner was chromatographed on a column of silica gel (100 g) packed with chloroform.
The column was first washed with 400 ml of chloroform and then eluted with 800 ml of 1 % (v/v) methanol-chloroform.
Fractions were examined by TLC and gave successively 590 mg of a mixture of the starting material (5) and a small amount of 11, 1.37g of 11 and 600 mg of a mixture of 11 and an unidentified substance. Rechromatography of the latter mixture gave a further crop of 11 (0.16g). Total yield, 1.53 g. Re-precipitation from benzene-hexane gave a powder of 11, mp 91~110'C,
[a]D -16.3° (c 1.12, CHCl3). NMR (CDCl3) o ppm: 7.30, 7.27 (15H, 5H, each s, phenyl), 5.58 (2H, br. s, 3',4'-H). 2.10 (3H, s, acetyl), 2.08 (6H, s, acetyl), 2.2-1.2 (14H, m) . A solution of 1.22 g of 11 and 60 mg of p-toluenesulfonic acid hydrate in 24 ml of methanol was allowed to stand overnight at room temperature, then diluted with 60 ml of chloroform and shaken with saturated aqueus NaHCO3 solution. The organic layer was collected, washed with water, dried and evaporated to leave 1.16 g of 12 as a thick syrup. The syrup was treated at room temperature with 0.6 g of p-toluenesulfonyl chloride in 8 ml of pyridine for 1.5 hours. Working up as usual afforded 1.30 g of the crude 13. The product was chromatographed on silica gel (24g) with chloroform (200 ml) and 1 % (v/v) methanol -chloroform (300 ml) for elution. First, 150 mg of di-O-tosyl compound [NMR (CDCl3): 8 2.30 ppm (6H, s, tosyl)] emerged, successively, 600 mg of 13 and 160 mg of uncharacterized material.
Re-precipitation of 13 from benzene-hexane gave a powder, mp 81~86°C, [ 5"-Azido-3,2',6',4'"-tetra-N-benzyloxycarbony1-3',4',5"-trideoxy-3'-enobutirosin A (10) (1) A solution of 3.77 g of 8 and 25 g of sodium iodide in 35 ml of N,N-dimethylformamide was heated at 130°C (bath temp.) with vigorous stirring for 2 hours. Then, to the solution, a large amount of chloroform was added and the resulting suspension was washed with 10% aqueous Na2S2O3 solution and successivly with NaCl solution, dried with MgSO4 and evaporated, affording a brown powder (ca. 2.8 g). This powder was dissolved in 15 ml of methanol containing 0.7 ml of 2 N methanolic sodium methoxide solution and allowed to stand at room temperature for 1 hour. After neutralization with acetic acid, the mixture was evaporated.
A solution of the residue in chloroform was charged on a column of silica gel (30g). Elution was carried out stepwise with chloroform, and 2%, 3 %, 4 % and 5 % methanol-chloroform. The fractions were monitored by TLC (silica gel, methanol-chloroform (1 : 9, v/v)). Fractions which contained a substance having a Rf value slightly smaller than that of the de-O-acetylated derivative of 8 were collected and evaporated, giving a powder. To a solution of the powder in ethyl acetate, ether was added. The amorphous solid thus deposited was dried and gave 685 mg of 10, mp 86~94'C (preliminary softening at 80°C) (2) A mixture of 0.58 g of 13, 0.25 g of sodium azide and 2.5 ml of dimethyl sulfoxide was stirred at 100°C (bath temp.) under nitrogen atmosphere for 2 hours, and then diluted with ice-water. A chloroform solution of the resulting precipitates was washed with water, dried with MgSO4 and evaporated to leave 0.52 g of a powder [IR vNuJo1 max cm-1: 2100 (azido), no absorption at 1170 or 1185]. The powder was dissolved in 5 ml of methanol and 0.1 ml of 2 N methanolic sodium methoxide solution was added. After 30-minute standing, the reaction mixture was neutralized with Dowex 50 W x 4 (H+ form) and filtered. The filtrate was decolorized with activated carbon, and evaporated to leave a powder which was reprecipitated from ethyl 5"-Amino-3',4',5"-trideoxybutirosin A (4) :
Hydrogen was passed through a mixture of 1.37 g of 10, 60 ml of methanol, 20 ml of water, 4 ml of 2 N hydrochloric acid and 5.0 g of 10 % palladium-charcoal with stirring at room temperature for 2 hours. The reaction mixture was diluted with water and filtered. The filtrate was neutralized with Amberlite IR-45 (OH-form) and concentrated for removal of methanol. The resultant aqueous solution was poured onto a column of Amberlite CG-50 (NH4' form) (100 ml) and the column was washed with water and 0.3 N NH,OH.
Next, elution was carried out with 1 N and 1.5 N NH4OH. Fractions which contain TLC-pure and ninhydrin-positive substance were collected, concentrated for complete removal of ammonia. The resulting solution was saturated with CO2, freeze-dried and gave a powder (280 mg), mp ca. 175°C (with evolution of CO2 gas), [ 
Acknowledgement
The authors with to express their appreciation to Mr. ISAMU IGARASHI for skillful technical assistance rendered during this study.
